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Introduction:
Dental caries and periodontal diseases are considered as common diseases in the oral environment, which are caused by the accumulation of oral microorganisms in saliva on dental surfaces due to inappropriate diet and habits.
An important part of the dental plaque is comprised of oral Streptococci. One of these microorganisms is Streptococcus sanguinis (S. sanguinis) which plays an important role in the formation of dental caries.
(1-3) S. sanguinis is considered as a primary colonized microorganism in dental plaque. (4, 5) Also, the numbers of S. sanguinis are significantly higher in individuals with high rates of decay than in individuals with no decay.
(6) Nowadays, different methods have been proposed to prevent dental caries by reducing S. sanguinis and Streptococcus mutans (S. mutans), including the use of antibacterial agents such as chlorhexidine (CHX), causing interference with the metabolism of microbes by Xylitol, blocking the adhesion of these microorganisms to dental surfaces by receptor analogs, and use of vaccines for caries. (7) Non-prevention of dental caries, in addition to imposing high costs, leads to loss of teeth due to decay, aesthetic defects, decreased chewing ability, pain, oral and digestive disorders, nutritional deficiencies, etc. (8) Extensive research is currently in progress on the use of natural honey (NH) in the diet as a method for reducing S. sanguinis and S. mutans in saliva with subsequent reduction of dental plaque as the initiator of the decay process. According to the results presented in traditional medicine, honey has the power to decrease these microorganisms. (9) (10) (11) (12) (13) (14) Due to the shortcomings of previous research methods in this field, which have been carried out in vivo, as before-after interventions or experimentally on certain strains of bacteria, (15) (16) (17) (18) (19) (20) this study aimed to examine the effects of NH on the growth rate of S. sanguinis at the Dental Faculty of Islamic Azad University of Medical Sciences, Tehran, Iran.
Materials and Methods
This in-vitro experimental study was performed during October 2016-August 2017. The study population included S. sanguinis strains (PTCC 1449).
Penicillin and Ciprofloxacin antibiotics were prepared according to the table developed by the Clinical & Laboratory Standards Institute (CLSI). In this study, NH at a concentration of 1200 ppm (parts-per-million) was prepared from the southern province of Fars (Qir and Karzin) in late October. (21) In the present study, 26 S. sanguinis (PTCC 1449) samples, including 8 samples in the Ciprofloxacin group, 8 samples in the Penicillin group, and 8 samples in the NH group were cultured in Mueller-Hinton Broth (MHB) culture medium. Two samples were considered as negative controls, on which, NH was placed using a blank disk to be compared to Penicillin and Ciprofloxacin. After 24 hours at 37°C, the inhibition zones of Penicillin, Ciprofloxacin, and NH were measured and calculated. Also, the minimum inhibitory concentration (MIC) of bacterial growth and the minimum bactericidal concentration (MBC) were determined for the above. (22) Sampling method: The convenience sampling method was used to select samples from S. sanguinis strains (PTCC 1449).
At first, a live culture sample of S. sanguinis bacteria (PTCC 1449), prepared by the Iranian Research Organization for Science and Technology (IROST), was cultivated for 24 hours at 37°C in a blood agar medium and in anaerobic conditions in a GasPak jar for recovery and strengthening in order to reach its maximum development. After 24 hours, bacterial colonies were removed, and based on 0.5 McFarland turbidity, they were dissolved in 2 cc of physiologic serum, which confirms that the number of bacteria present in the serum is equivalent to 1.5×10 8 colony-forming units (CFU)/milliliter (ml). Then, the bacteria were removed from the solution using sterile swabs and were cultivated in a blood agar medium. Next, a blank disc dipped in NH was placed on the culture medium. Also, Ciprofloxacin and Penicillin disks were used for the control group. Blank disks were used as negative controls. After placing the discs, the plates were incubated at 37°C, and after 24 hours, the inhibition zone around the discs was measured in millimeter (mm) using a metallic ruler. Another method to perform this test is to create a well in the plate. Wells with a diameter of 7 mm were created on a solid culture media, and 1.1 ml of NH was poured into the wells. Also, 1.1 ml of each of Ciprofloxacin and Penicillin antibiotics (by calculating the potency of the antibiotic) were poured into the wells using a standard loop.
The plates were incubated at 37°C for 24 hours. Next, the inhibition zone (mm) was measured using the metallic ruler.
Determining the sensitivity of the microbe to NH using the agar well diffusion method:
The experiment was performed to investigate the effect of NH, to test the sensitivity of S. sanguinis using the agar well diffusion method, and to evaluate the diameter of the inhibition zone.
S. sanguinis was cultured on a specific solid culture medium. Wells were created with a diameter of 7 mm apart on the solid culture medium, and 1.1 ml of NH was poured into the wells using a standard loop; Penicillin and Ciprofloxacin antibiotics were prepared based on the concentration potency, and 1.1 ml of each antibiotic was poured into each well. The plates were exposed to microaerophilic conditions in the presence of carbon dioxide (CO2) and were incubated at 37°C for 48 hours. (21, 24) Also, in order to determine the antibacterial activity in this study, the dilution method was used to determine the MIC and MBC. (25) The dilution method:
The MIC refers to the antibacterial capacity of a substance or its ability to prevent the proliferation of microorganisms. In other words, the lowest concentration of a substance that can prevent the growth of microorganisms is called its MIC. Both the macrodilution broth and the microdilution broth techniques, recommended by the CLSI, were used to evaluate the MIC in the MHB culture medium. ( 
7)
The macrodilution broth technique:
At first, 0.5 ml of MHB culture medium was added to 8 test tubes and sterilized in an autoclave. Then, in order to prepare various dilutions, 0.5 ml of NH was added to a tube containing 0.5 ml of MHB medium, and after several times of mixing and sampling, 0.5 ml of the contents of the tube was taken and added to the first of the 8 tubes, and thus, we diluted the contents of the first tube (1:2). Then, 0.5 ml from the first tube was transferred to the second tube to obtain a dilution of 1:4. This process was continued up to the eighth tube. Then, 0.5 ml of the contents of the eighth tube was discarded, and the contents were diluted to a concentration of 1:256. Also, a test tube was used as a negative control, containing 0.5 ml of MHB medium and 0.5 ml of NH. Then, 0.5 ml of the microfluidics suspension at a concentration of 0.5 McFarland was added to each of the tubes, except for the tube considered as the negative control. The tubes were incubated for 24 hours. This was done for Ciprofloxacin and Penicillin antibiotics as well. In order to ensure the accuracy of the test, the process was repeated 6 times under aseptic, protected conditions.
The microdilution broth technique:
Microdilution with the microplate method was another method used in this experiment. First, 100 λ of MHB medium were poured into each well. Then, 100 λ of MHB and 100 λ of NH were mixed in a tube. After several samplings, 100 λ were taken from this tube and added to the first well. Then, 100 λ from the first well was transferred to the second well; this was continued to the eighth well to obtain the proper dilution. Then, 0.5 McFarland of the bacteria was diluted at the ratio of 1:20 (50 λ of 0.5 McFarland of the bacteria + 950 λ of physiologic serum), and 10 λ from this concentration was added per well. This was done for Ciprofloxacin and Penicillin antibiotics as well. Then, the microplates were incubated for 24 hours. MIC results are measurable with unaided eye after the test; therefore, we reported the MIC in the last tube (macrodilution broth) with no turbidity.
(23) To ensure the accuracy of the results, we also performed MBC testing to precisely determine the MIC.
In order to determine the MBC, first, blood agar culture medium was placed in a plate, and then, the contents of the tube that was reported as the MIC and the two following tubes in which no turbidity was observed were cultured in a blood agar medium and incubated for 24 hours. In this study, the MIC and the MBC for NH and the two antibiotics were measured, and the results are presented in Table 3 . A portion of the plate with no bacterial growth was considered as the MBC. This was done for Ciprofloxacin and Penicillin antibiotics as well. (25) Analysis of variance (ANOVA) was performed for the three groups; in case of the presence of a significant difference, post-hoc Scheffe test was used as a supplementary test.
Results:
This study was carried out on 26 samples including 8 samples in the Ciprofloxacin group, 8 samples in the Penicillin group, and 8 samples in the NH group. In this study, two negative controls were included, in which, no zone of inhibition was observed around the disk and the well.
The diameters of the inhibition zones in the Ciprofloxacin, NH, and Penicillin wells are presented in Table 1 which shows that the mean±standard deviation (SD) diameter of the inhibition zone was 21±2.20 mm for Ciprofloxacin, 10.35±1.74 mm for Penicillin, and 17.77±1.89 mm for NH; the diameter in the NH group was 7.42 mm larger than that in the Penicillin group. Also, in the Ciprofloxacin group, the diameter was 10.65 mm larger than that in the NH group; accordingly, the maximum and the minimum diameters of inhibition zones were detected in the Ciprofloxacin group and in the Penicillin group, respectively. ANOVA showed a statistically significant difference in the inhibition zones among the three groups (P<0.01). According to the results of post-hoc Scheffe test, there were significant differences between the NH group and the Penicillin group, between the Ciprofloxacin group and the NH group, and also between the Ciprofloxacin group and the Penicillin group (P<0.01). In addition, the highest coefficients of variation (CV) of NH and Ciprofloxacin were equal to 10. However, the CV for Penicillin was 16.
The diameters of the inhibition zones in the disk diffusion method according to the groups are presented in According to the results of this study, the maximum MIC was for the Penicillin group (0.057 mg/ml), and the minimum MIC was for the Ciprofloxacin group (0.003 mg/ml); the results presented an insignificant difference among the three groups (P=0.4).
The maximum MBC (0.25 mg/ml) was observed in the Penicillin group, and the minimum MBC (0.031 mg/ml) was detected in the Ciprofloxacin group; the test showed a statistically significant difference regarding the MBC in the three groups, and post-hoc Scheffe test demonstrated a difference in pairwise comparisons.
According to the results of the statistical analyses, Ciprofloxacin had a superior inhibitory effect on the bacteria. The effect of NH was superior to that of Penicillin; therefore, NH can be considered an inhibitor and an appropriate bactericidal agent against S. sanguinis. The substance that shows inhibitory effects in lower dilutions is considered as a more proper option.
Discussion:
According to the results of this study, NH has a significant effect on the diameter of the inhibition zone against S. sanguinis in vitro. However, the diameter of the inhibition zone of S. sanguinis in the agar well diffusion method and in the disk diffusion method was less than that of Ciprofloxacin, but it was more efficient against the growth of the bacteria. Also, in this study, the MIC and the MBC were measured for NH and the two antibiotics. According to the results, NH is superior to Penicillin regarding its effect on the above microorganisms. In terms of the MBC and the MIC, Ciprofloxacin was the most effective agent. However, it should be noted that NH, which has no side effects, can be a good alternative for the treatment and the prevention of the colonization of these bacteria.
In 2017, Mathai et al evaluated the effect of lemon, ginger, garlic, and honey extracts on S. mutans using the well diffusion method; (11) garlic showed the greatest antimicrobial effect against S. mutans. This study confirms the antimicrobial effects of NH although the type of the studied bacteria is different from that studied in our research.
In 2016, Khozeymeh et al investigated the antibacterial effect of Astragalus honey on three Lactobacilli species involved in dental caries by serial dilutions and the disk diffusion method and showed that Astragalus honey is effective on Lactobacilli and can be used as a natural antibacterial agent.
(23) The results of this study are consistent with our study and confirm the antimicrobial properties of NH, although the type of studied honey and the bacteria are different from those in our study. S. sanguinis is considered as a common pathogenic oral bacterium that was examined in this study. We compared the antimicrobial properties of NH with two types of antibiotics, which is one of the strengths of the present study.
Ghotaslou et al investigated the antibacterial effect of honey in Azerbaijan on the Pseudomonas aeruginosa biofilm by the MIC and MBC methods in 2016 and showed that honey has an antimicrobial effect on planktonic Pseudomonas aeruginosa, and it was concluded that honey has significant anti-biofilm activity. (25) Their results are consistent with our study, confirming the antibacterial properties of honey. However, the type of honey and the tested bacterial species are different from those in our study. In addition, in the present study, the antimicrobial effect of honey was compared with that of two different antibiotics, allowing for the qualitative examination of the antimicrobial properties of NH, and this is considered as the strength of our study. In 2014, Atwa et al examined the effects of honey on the prevention of gingival inflammation and dental caries in patients undergoing orthodontic treatment. (26) They measured plaque pH after eating honey with control solutions (10% sucrose or 10% sorbitol) and determined the number of bacteria in the plaque. According to the results, honey had a significant positive effect on reducing bacteria such as S. mutans, Lactobacillus, and Porphyromonas gingivalis which are the causes of gingival inflammation and dental caries. The result of the cited study is consistent with that of our study, but the type of studied bacteria and their study method are different from those of our study. In that study, the bacteria were isolated from dental plaque, but in our study, a standard bacterial sample was prepared from the reference center.
In 2013, Khosravi-Darani et al assessed the anticonvulsant and antibacterial effects of three types of Iranian honey with alcoholic extracts of peppermint, thyme, ginger, and starch on Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli (E. coli), and Candida albicans. (27) They concluded that the addition of the above herbal extracts improves the antibacterial and antifungal properties of honey and they can be considered as an alternative method when there is resistance against antibiotics. (27) Three types of honey and other herbal extracts were used in the mentioned study, and the bacterial species studied were also different from that of our study. Also, they showed the antifungal properties of honey, but the result is consistent with our study in terms of the confirmation of the antibacterial properties of honey.
In 2011, Kwakman et al examined the antibacterial activity of two different honey types on E. coli, Bacillus subtilis, and Pseudomonas aeruginosa.
(28) They concluded that the antibacterial property of NH is related to different bee defensins, methylglyoxal (MGO), and hydrogen peroxide (H2O2) which are present at different levels in different types of honey. This means that all types of NH are bactericidal agents but they have different powers.
(28) Of course, the bacteria used in the mentioned study were different from those studied in our research. In 2012, Nassar et al investigated the effect of honey on S. mutans growth and biofilm formation.
(29) The results demonstrated the potential antibacterial properties of NH and suggested that the antimicrobial property of NH is not solely due to its high sugar content. (29, 30) The result of the cited study is also consistent with that of the present study but the studied bacterial species was different. Shoae Hassani et al carried out similar work on determining the MIC; they investigated the effect of ethyl acetate extract of beeswax on the colonization of S. mutans in 2009. (31) The difference between their study and the present study is that they used beeswax but we used pure honey, and also, the bacteria studied by them were different from those studied here. Furthermore, we determined the inhibition zone in addition to the MIC and MBC.
In 2015, Jain et al investigated the effects of honey, CHX mouthwash, and Xylitol chewing gum plus CHX mouthwash in vivo on the plaque surface; they concluded that the honey group and the CHX plus Xylitol group were more effective in decreasing the plaques. (32) The cited study describes the reduction in dental plaque following honey use, which is inconsistent with our study that showed a direct reduction in the number of cariogenic microorganisms, but since there are different cariogenic microorganisms in dental plaque, their study also confirms the antimicrobial properties of honey in line with our study.
The present study was carried out in vitro, and the results may not be generalized to in-vivo conditions. On the other hand, the S. sanguinis strain used in the present research was a standard laboratory sample and it was impossible to collect S. sanguinis from the patients' mouths. If we could use different types of honey at different concentrations in the present study, the results would be affected; nevertheless, we tried to avoid bias in this study.
One of the advantages of the present study is that the antimicrobial activity of honey was investigated at the Department of Microbiology of Shahid Beheshti University of Medical Sciences based on the CLSI protocol. In this study, the disk diffusion, MIC, and MBC methods were used in addition to the well diffusion method, and each stage was repeated six times by a single operator on different days; the frequency of testing was high.
Conclusion:
The results of the present study indicated that NH is effective against S. sanguinis in vitro. Nevertheless, its zone of inhibition in the agar well diffusion and the disk diffusion methods was smaller than that formed by Ciprofloxacin and greater than that formed by Penicillin.
